198
Proceedings of the Royal Society of Medicine 2 my version from Table 9 of the Registrar-General's Review (Tables) for 1938 with additions for the years 1939-40. It shows death-rates of the four diseases, per million children living under 15 years of age, in five-year periods, from the quinquennium 1856-60 to that of 1936-40. Perhaps the most striking feature is the well-known enormous reduction in scarlet fever mortality. This disease caused some 2,500 deaths per million children under 15 at the beginning of the period and only about 20 per million at the end of it. Miss Woods (1933) in her study of the epidemiology of scarlet fever thought that there were indications about 1933 that scarlet fever might be changing type again, but so far this does not seem to have happened and the slight rise in mortalitv of 1933-34 has been followed by a fall to new low records. Though the behaviour of scarlet fever is the most dramatic feature, the other three diseases have shown very substantial reductions, particularly in the measles mortality which had ups and downs till about 1915 and has since been going down rapidly. Graph 2 shows death-rates from 1900 to 1941. The rates have been corrected in accordance with the revised classification of deaths adopted in 1940, though this does not make a very great difference when we are studying trends. The rates for 1940 and 1941 have been calculated on mid-1939 population estimates. This graph shows the violent short-term fluctuations of measles and whooping-cough and the longer-term fluctuations of diphtheria and scarlet fever. It is a little difficult to disentangle trends when annual fluctuations are so great, but the years of the last war are something of a landmark in the history of the mortality of these diseases. Measles is the best example, for after the great conflagration of 1915, with its death-rate of 1,370 per million living under 15 years old, it exceeded the 600 mark in only three years-1917, 1918, 1920. Whooping-couigh had a death-rate of 854 per million under 15 in 1918, which was of course a remarkable year for other reasons, and only once since then-in 1929-has it exceeded 600. Diphtheria shows a rapid fall beginning in 1921 but rises again, though not to the 500-600 level common in the early years of the century. Scarlet fever mortality fell particularly rapidly from 1915-18. These reductions may possibly be connected with the fall in the birth-rate. This had been falling slowly since the peak of the decennium 1871-80 when the mean annual rate per 1,000 of population was 35 4, but the fall was greatly accelerated in the war years and after: See Table I given in the recent white paper on the Current  Trend of Population in Great Britain. I use this rather than a table of birth-rates because  TABLE I.-AVERAGE ANNUAL INCREASE IN POPULATION-GREAT BRITAIN.  Period  Numbers in thousands  Per cent.  1871-81  364  1-30  1881-91  332  1-06  1891-01  397  1-13  1901-11   383   0-98  1911-21  194  0-46  1921-31  203  0-46  1931-38  201  0-44 the birth-rate was very unstable for some years after the war. This table gives figures for Great Britain and not for England and Wales, but this fact does not make it any less interesting. For the period 1911-1921 the average annual percentage increase of the population was less than half of what it had been in the period 1901-11. A relatively sudden fall of fatality during or soon after the last war appears in some of the later graphs. Table II shows the actual number of deaths in each quarter from 1938 to the first quarter of 1942 and covering the period of the great dispersal. On the whole deaths were low in the last quarter of 1939 and the first of 1940, as compared with the corresponding quarters of other years. It is strange that scarlet fever deaths have continued to fall though the other diseases have to some extent resumed their normal habit. Graph 3 gives a comparison of death-rates from diphtheria in England and Wales and in the United States (registration states of 1900). The curves are on a logarithmic scale and that for the United States has been adapted from Geddes Smith (1941). The U.S. figures are rates per hundred thousand total population and those for England and Wales are rates per million children under 15. It is therefore possible to compare only the general trend. The scale too is a little different though the time scale is the same. The curve for diphtheria falls like a stone in recent years in the United States figures and remains fairly constant in ours. Similar curves for the other three diseases, which are Both these and the followTing graph of incidence depend on the notifications of many different doctors and extend over a period of thirty years in which the generally accepted criteria of diagnosis may possibly have changed to some extent, but I do not think that these difficulties uipset the aeneral conclusion that the fatalitv of both diseases, particularlv that of scarlet fever, has decreased considerably. It is of course possible to give a longterm view of case fatality only for diphtheria and scarlet fever and the same applies to incidence with which the next graph (5) is principally concerned. This shows the notification rates for diphtheria and scarlet fever per 1,000 of the total population from 1911 to 1941. I have also included crude death-rates per 100,000 of total population in order to relate mortality and incidence to some extent. There does not seem to have been any definite reduction in incidence over the thirty years, which have seen an appreciable reduction in mortality from diphtheria and a suibstantial reduction in that of scarlet fever.
Graph 6 is a larger scale view of quarterlv notifications from 1930 to 1942, first quarter.
It shows their usual seasonal incidence and their unusual behaviour in the last quarter of 1939 and the first quarter of 1940. The usual last quarter rise in notifications of scarlet fever was entirely absent in 1939 and that of diphtheria was very slight. Graphs of weekly notifications for the -eriod before, during and after dispersal show the low incidence (luring dispersal and the falls of notifications associated with school holidays. would have occurred had the schools not been closed. The estimate was based on an average of notifications for June and July, and September and October. He found a deficit of 27-6% for scarlet fever and 23-3% for diphtheria. Shirley Murphy of course considered the obvious criticisms-that the population exposed to risk might be smaller in August, that notifications were more incomplete, &c.-but concluded that the main factor was reduced opportunity of transmitting infective material.
Dispersal really began with the summer holiday at the beginning of August 1939, but the evacuation movements did not, of course, take place until a month later. The effect on diphtheria and scarlet fever has been described in detail by Stocks (1941) in a paper in which he analyses the behaviour of the two diseases in evacuation, neutral and reception areas. He has shown that the rise of incidence which was expected to occur in the reception areas as a result of the influx of town children did occur to some extent, but was entirely obscured in the national statistics by the considerable reduction in incidence in the evacuation areas.
It is very difficult to make up one's mind exactly how far the reductions in incidence of infectious disease were due to removal of children from the thicklv populated evacuation I I .
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Proceedt'ns of the Royal Society of Medicine 6 towns with consequent " thinning " of the child population and how far they were due to school closure. If one tries to reduce the movements of child population and the re-opening of schools to terms of numbers one becomes lost in a maze of figures. Those evacuation areas from which few children went out appeared to share in the reduction experienced by the more heavily evacuated areas. I believe that school closure was a considerably more important factor than " thinning ". Public air-raid shelters.--Anyone who visited a large public shelter on a " full " night almost inevitably came away with the impression that a very large proportion of the population of London was inside. Actually the proportion of the population of the metropolitan boroughs sleeping in public shelters never exceeded 9% even at the height of the attack (Cmd. 6340). So far as the children's diseases are concerned I am very doubtful whether the public air-raid shelters had any epidemiological effect at all. If children had been concentrated in large numbers in a few shelters instead of being scattered throughout many the result might have been-different.
The points of particular interest can be divided into theoretical and practical. The first theoretical one is the possible association of the sudden acceleration of the fall in mortality of children's diseases which occurred dturing or just after the last war with the sudden acceleration in the fall of the birth-rate which occurred at about the same time.
In the case of the human herd this is divisible into two components. There is first the factor of the reduction in the number of susceptibles added to the herd every year, and secondly the environmental factor. A fall in the birth-rate means a smaller familv with, as a result, improved social conditions for the children-more food, less overcrowding, more parental care. The fall of mortality is perhaps rather indefinite in some diseases, but it does seem to me that there was a relatively sudden step down superimposed on the slow fall which was taking place all the while. There is also the possibility of the fall being apparent rather than real and being due to the altered age constitution of the child population particularly in the case of diseases like whooping-cough and measles which kill young children rather than older ones. A calculation of the measles death-rate for children aged 0-5 over this crucial period might throw light on this aspect. This brings me on to my second point concerned with the incidence of diphtheria and scarlet fever. I can see no appreciable reduction of notification rates in the general population in the period 1911-1939 and yet the proportion of children, who produce most of the cases, has fallen considerably. In 1911 there were about 306,000 children under 15 per million of the population of England and Wales and in 1939 about 211,000. Of practical points, the first concerns diphtheria and the second school closure. Diphtheria killed no fewer than 2,480 people in England and Wales in 1940. Much has been done in the United States and Canada but I will content myself with a less remote example. In Scotland up to June 30, 1942, approximately 73% of the school and 58% of the pre-school population had been immunized. Table IV shows the deaths from diphtheria in each quarter from 1940 to the third quarter of 1942 and does I think suggest that the immunization campaign may already be meeting with success.
On the question of school closure it seems clear that closing all the schools does reduce the incidence of infectious disease. But school closure in face of an epidemic usually means closure of one or two schools in which the disease has appeared. I doubt if dispersal gives us any information one way or the other on the soundness of such a procedure. Closure of all the schools over a large area would be, to put it mildly, a highly inconvenient procedure and the graphs of weekly notifications suggest that, unless the period was long enough to extend into the non-epidemic season, the epidemic would start soon after the re-opening. I do not think therefore that the experience of the dispersal upsets the policy which we have been advocating for years of keeping a school open in face of an epidemic. We should, however, consider the matter of infection-spread seriously when the question of post-war design of schools arises. I have wanted to investigate the incidence of infectious disease in open-air schools, but have been deterred by the obvious difficulties of devising a control. In Professor Topley's (1942) Croonian lectures, some of his remarks about the experience of dispersal are very relevant to this question of the school as a source of infection.
My story began in the years of abounding fertility-the climax of the industrial revolution-when the birth-rate was about 35 per 1,000; it extends through one great war to the middle of a second--vears of uncertainty and until recently of a falling birth-rate. These common infectious diseases which used to kill so many have lost much of their deadliness and seem still to be retreating, but one can never tell with epidemic diseases. We know how important are social conditions in determining mortality from these diseases and I suggest that it is a small but important by-way of social history which I have tried to outline.
Finally I should like to acknowledge the help which I have received from Dr. Glover, Dr. Percy Stocks and Professor Greenwood. Professor Greenwood has kindly given advice on the preparation of the paper for publication.
Professor M. GREENWOOD said that the inferences the author drew from the evidence in his excellent paper seemed to be correct, and Dr. Gale had rightly said that the periodicity of measles was a complex problem. Two elements must be distinguished. The first had long been recognized vaguely and was expressed with quantitative precision by the late Sir W illiam Hamer and, still more precisely, by the late H. E. Soper. If in an epidemic the susceptible population was largely depleted and was then continuously built up by accessions, Per vias naturales, of newcomers, a periodicity was inevitable and these writers have defined the rhythm precisely. But, as Soper pointed out, this mechanism while accounting for a good deal did not account for everything. The late Dr. John Brownlee's method of approach was wholly different and although his biological interpretation of the facts was hard to follow it was equally hard to resist his evidence that something more subtle than an ebb and flow of susceptibles was involved.
The effect of school closure on morbidity or mortality would depend-if analogy with experimental epidemiology held-largely on the point in time when closure was effected. If before an epidemic movement began, or very early in the cycle, there was closure, the result would be good; but it would not be good later, when the wave had gathered head.
Dr. J. ALISON GLOVER said that of all the phenomena described by Dr. Gale, the decline in the severity of scarlet fever was the most interesting. The case fatality of this disease in England was now probably less than one-fiftieth of what it was in 1876. This extraordinary change had occurred in the speaker's lifetime. Galabin (Galabin, A. L., 1902, Lancet, i, 1671) and others long ago showed that the trend and oscillations of mortality from rheumatic fever closely corresponded with those of scarlet fever, and rheumatic fever mortality had also sunk to new low records. There was general agreement that cases of rheumatic fever and chorea in children were now much less common than even before the present war. The decline of another disease, also a " poverty " disease and also associated with hoemolytic streptococcal infection, i.e. chronic otitis media, was also continuous. Its incidence in London school children was now about one-twelfth of what it was thirty years ago. This was a cognate phenomenon. While Dr. Gale had shown that these falls in the mortality from the common infectious diseases of childhood began long years ago, he had also shown their continuance and indeed acceleration since the war began, despite the vicissitudes of the times, the three severe %vinters, imiuch shifting of polulation and shelter life. [Ihis comlplarative immunitv seemed to give strong support to the view that, so far, the health of our school children had not deteriorated. WVe owed much to our p)ublic health services, to increased prosperity among those classes in whom mortality from these diseases usually occurred and much to an enlightened food policy backed by the efforts of ouir sailors, farmers and Allies to feed us. )r. M. iITMIAN noticed ftroHi Dr. (ale's tables that there haldl beeni a declinie in the incidenice of measles in the U.S.A. corresponding in time to the p)eriod when the expected epidemic of measles failed to materialize in this country. Presumably the reasons given for the decline here-evacuation and dispersal-were not operative there. Some better explanation than that usually given Nvas necessarv to account for the periodicity of measles anid he suggested that the age of the disease and the level of natural immuniity of the herd might be factors. He contrasted the behaviour of endemic diseases which were constantly present in the population wvith measles which disappeared foi inltervals, and(i aske(d w-here the reserxNoir of the virus might be.
THE PRESIDENT claiml-ed for the clinicianis somle p)art in the reduction of case-fatality rates and, therefore, of death-rates from the commoni fevers. The use of diphtheria antitoxin in this country from 1895 onwxards had been a main, but not the only, factor in the reduction of fatality froml that disease. During recent years the injection cf improved antitoxin in more adequate doses had secured better results. Dr. Harriehiad alluded to the great declinie in the inicidence of larxyngeal diphtheria during the last few x-ears and to the curious and unexplained associationi of the initis strain of the ('. diphtherice with this most fatal form of the disease among young children. Decline in the fatality of scarlet fever had commenced before hospitalization and at the time of the introduction of scarlet fever antitoxin, about 1925, had falleni so low as to make any claim to a further reduction of fatality from its use of very dubious value. Scarlet fever antitoxinl had reduced the incideence of those complications n(ot due to sepsis and had facilitated a shortened stay of l)atients in hospital.
Measles and svhooping-cough p)roved so fatal among younig children because of the complication of bronchopneumoniia. fhere w-as no doubt at all that fatalities from this complication had been very greatly reducedl by the use of the sulphonamides andi oxygen tents.
Dr. ROBERT SWYER said that of 1,200 cases of measles treated at North Easternl Hospital during the 1940-41 epidemic. 400/ had been sleeping in public shelters. In a small controlled series of cases of bronchopneumonia complicating measles treated w ith sulphapyridine he found that: (i) the duration of pyrexia was reduced by 20% in the drug-treated cases; (ii) the tachypinca wvas greater and p)ersisted longer in the control cases; and (iii) the case mortality rate wvas roughlv halved in the sulphapyridinetreated cases.
TIhe miiortality from bronchopneumionia in these 1,200 cases was 0-75%.
